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PHILOSOPHICAL 

M E M G I R S. 

P A R T I. 

ASTRONOMICAL and MATHEMATICAL 

PAPERS. 



I. A Method of finding the Altitude and Longitude of the non- 
agefimal Degree of the Ecliptic ; with an Appendix, contain- 
ing Calculations from correfponding Agronomical Obfervations, 
for determining the Difference of Meridians between Harvard- 
Hall, in the Univerfity of Cambridge, in the Commonwealth of 
Mafiachufetts,. and the Royal Obfervatories at Greenwich and 
Paris. In a Letter from the Reverend Joseph Wiilard, 
Prefident of the Univerfity, and Correfponding Secretary of 
the-^American Academy, of Arts aitd Sciences, to the Honorable 
James Bqwdoijj, L.,JL y D. Prefident of the Academy. 

S I R, 

S die parallaxes' of. the planets in latitude and longitude 
come frequently into uTe, < in -aftronomical calculations, 
and particularly da idedfcicing the difference of meridians, be- 
tween ofie place arid another, from correfponding obfervations. 

of 
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of iblar eclipfes and occultatkms of fixed ftars by the moon, 
every method which can be difcovered, to fhorten the work, 
or make it more eafy, muft be of utility. In calculating thele 
parallaxes, it is necefTary to find the altitude and longitude of 
the nonagefimal degree of the ecliptic. . As I have given, fome 
attention to this fubjeft, I take the liberty, Sir, of enclosing to 
you a paper, containing a method of finding thefe prerequisites, 
different from any that I have happened to meet with, and (to 
me indeed) taking the whole procefs together, eafier, if not 
morter. It is deduced from a projection which muft make the 
method very obvious, to thofe acquainted with the fphere and 
with fpheric trigonometry. You will find an appendix upon 
the longitude of Cambridge^ If you think proper to commu- 
nicate the whole to the Academy, you have my confent. 

I am, 

with the greateft refpeft, &c- 

Cambridge* Auguji 4, 1783. 



P E FIN I T.I ON S, 

j. THE right afcenfion of the mid-Jieaven is that point of 
the equator, which culminates, or i9 in the meridian of any par- 
ticular place, at a given time, and is found by adding -the given 
apparent time, reckoned aftronomically, to the fun's right af- 
cenfion, calculated for the feme time. Or, it may be found, 
by reducing the given appaocnt time to mean, time, ani-adding. 
it to the fun's mean, longitudes But, i£fth» hours are reckoned, 
according to civil time, we muft take. *&e -diffeteftQe- between 

the 
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the apparent given time and noon ; and if it is the forenoon, 
this difference muft be fubftra6ted from the fun's right afcen- 
fion j but if it is the afternoon, it mufl be added. If the mean 
longitude is taken, the mean time mufl be ufed, 

2. The nonagefimal degree of the ecliptic is its higheft 
point above the horizon, and is 90 ° diftant from, each point of 
the ecliptic, where interfered by the horizon. This nbnagiu- 
mal point is determined by a perpendicular to the ecliptic, 
which paffes through its poles and the poles of the horizon, 
the altitude of which point is meafured from the horizon, 
upon this perpendicular. 

PROBL EM. 

Given the latitude of a place, the obliquity of the ecliptic, the 
time of the day, the fun's true longitude, his right afcenfion, 
and confequently the right aieenfiort of the mid-heaven, to find 
the longitude and altitude of the nonagefimal degree of the ec- 
liptic. 

A GENERAL SOLUTION OF THE FOREGOING PROBLEM. 

In pkte L fig. I. let the circle sspvf'h reprefent the folfti- 
tial colures ; then, the poles of the equator and of the ecliptic 
will be in the plane of this circle. Let the diameter E&Q^ 
reprefent a portion of the equator j 25^*? a portion of the ec- 
liptic j P, the north pole of the equator ; p, the north pole of 
tHe; ecliptic j Sand Ti their fouth poles. Let the arc Pc S 
mark the right/ afceftfibn of the mid-heaven, from the neareft 
equinpftial point ; then this arc will reprefent the meridian of 
fome place, at a given: time, and c and to will be the culminat- 
ing 



4 ASTRONOMICAL and 

ing points of the equator and ecliptic. Let the arc bZi repre- 
fent the latitude of fome given place ; then the point Z, where 
the arc is interfe&ed by the meridian, is the zenith of the place, 
at the given time, and is one of the poles of the horizon ; the 
arc HOR is the horizon ; the line Z N its axis, and the point 
N of the axis, where it is interfered by the arc Pc S continued, 
is the otherpole of the horizon, or the nadir. The arc />ZL, 
drawn through the poles of the ecliptic and of the horizon, 
marks out the longitude of the nonagefimal degree upon the 
ecliptic at U, the altitude of which, or height above the hori- 
zon is VU. Now the arc />ZL is perpendicular both to 
the horizon and the ecliptic, as it panes through the poles of 
each, and as p\J is = ZV = go 9 and ZU is common to 
both, take ZU from each, and there will remain pZ = VU 
the altitude of the nonagefimal degree of the ecliptic. The 
longitude and altitude of this point, therefore, may be readily 
found by the fpheric triangle P^Z, in which are given two 
fides and the included angle, viz. fide PZ = the co-latitude 
of the given place ; the fide Pp = the diftance of the poles 
of the equator and ecliptic = the obliquity of the ecliptic ; and 
the angle /PZ, the value of which may always be determin- 
ed by the following general rules, which, from diagrams, will 
appear very obvious. 

The right afcenfion of the mid-heaven being between 270° 
and 360 or 0% and between o° and 90% the neareft equinoc- 
tial point is r j and in the firft cafe, angle />PZ is acute, and 
is found by fubftrafting 270 ° from the right afcenfion of the 
mid-heaven. In the fecond cafe, the angle is obtufe, and is 
found by fubftrading 270 ° from the right afcenfion of the 

mid- 
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mid-heaven added to 360® , or, which is the fame thing, by add- 
ing the right-afcenfion of the mid-heaven to 90 . 

The right afcenfion of the mid-heaven being between 90* 
and 180% and between 180 and 270°, the neareft equinoc- 
tial point is £> j and in the firft cafe, angle pPZ is obtufe, in 
the fecond acute, and in each cafe the angle is found, by fub- 
ftrading the right-afcenfion of the mid-heaven from 276 °. 
Thefe rules are to be ufed when the latitude of the given 
place is north j but when it is fouth, they muft be inverted to 
find the correfponding angles, as will appear evident by a 
diagram. 

From Z, let fall the perpendicular Zx upon the primitive 
circle : And to know whether the perpendicular, in any cafe, 
will fall upon the fide of P next to p, or oppofite to it, the 
following rules may be obferved. 

When. the right afcenfion of the mid-heaven is between 1 8o* 
and 270 °, or between 270 * and o°, that is, when angle pVZ 
is acute, the perpendicular will fall upon the fide of P next to 
p ; but when the right afcenfion of the mid-heaven is be- 
tween o° and 90% or between 90 and' 180 V- that is, when 
angle p?Z is obtufe, the perpendicular will fall upon the fide 
of P oppofite to p. 

For the fide pZ t the altitude of the nonagefimal degree. 
Radius : Sine co-angle p?Z :: Tangenf fidePZ : Tangent 
fide Px. Then, if the perpendicular be on the fide of P next 
to p, the difference between Pp and Px will, be px ; but if 
it fall on the fide of P oppofite to 'p, the turn of Vp and Px 

will 
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will be px. px being found fay, Sine co-Pa? : Sine co~px 
:: Sine co-PZ : Sine co~^Z. 

For angle P/Z, or Z. at the pole of the ecliptic, Sine feg- 
ment px : Sine fide Pa; :: Tangent angle pPZ : Tangent 
angle P/Z. 

When the perpendicular Zx falls upon the fide of P oppo- 
fite to p, or between P and p t the angle TpZ is acute ; but 
when it falls beyond p, it is obtufe. 

By the angle P/Z, the longitude of the nonagefimal de- 
gree is determined thus : — When the neareft equinodtial point 
is v, fubftracl: this angle from sor 3% adding 12 8 to 3% when 
necefiary j the remainder will be the longitude of the nonage- 
fimal degree. If the neareft equinoctial point is a, add this 
angle to 23 or 3% and the fum will be the longitude of the non- 
agefimal degree. 

Let the foregoing general rules be now elucidated by a par- 
ticular 

EXAMPLE. 

Required the longitude and altitude qf the nonagefimal degree 
of the ecliptic, at the royal obfervatory at Greenwich, Auguft 
5, 1766, at 5 h 29' $j' 4 P. M. apparent time ? 

The folar and lunar elements from Mayer's tables. 
At 5* 29/ 57*' P, M. 
The fun's longitude 4 s *3° 9' 5 1 " 

The obliquity of the ecliptic 23 28 . 18 

The 
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The latitude of Greenwich 3 1 ° 28' 39" 

Reduced to the center, the earth being 7 

», f Si 14 IX 

an oblate fpheroid J 

Complement = PZ 384549 

For the fun's right afcenfion. 

Radius 10 

: Sine of the co-obliquity of thel ,' ' , „ , 

ecBptfe, ) " 3 ' 42 9 96249 " 

•: T^io'Slongitudefromhear-V ]q ^ g 

; eft equmocT: point, J T J 7 - 

: Tone: o's right afcenfion from 1 , 

a • • V 44 21 46 9 9903409 

neareft point, viz. a J . T : '"" ,T 

Subftradt the above from 180 o o 

The remainder is © 's right afc .from 1 1 35 38 14 

The given time 5 h 29' 57*' being reduced to degrees, at the 
rate of 15 per hour, gives 82 ° 29' 15". Add tfiis to' the 
fun's right afcenfion 135 38' 14"; thk film 2t$° 7'' 29*' is 
the right afcenfion of the mid-heaven. This fubftra<5ted from 
270 according»to s the rule, leaves $&° 52' 3-1 ." for angle f¥z* 

For fide~j&Z, the altitude of the nonagefimal degree. 



Radius 














Sine Co Z./PZ 


38° 


7' 


29" 


9 


7905493 


: Tangent 


PZ 


38 


45 


49 


9 


9047023. 


■ Tangent- 


Vx 


26 


22 


10 


9 


6952516 


Subftradt 


?P 


23 


28 


18 






Remains 


j>x 


2 


S3 


5* 







-Sine 
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AND 




Sine Co P* 


63° 


37' 5°" 


9 


9522832 


: Sine Co fx 


87 


6 8 


9 


9994443 


:: Sine Co PZ 


5 1 


14 ii 


9 


8919475 


: Sine Co pZ 


60 


21 48 


9 


9391086 


Alt. nona. deg. pZ 


29 


38 12 






For angle Ppz 






Sine px 


2° 


S3' 5*" 


8 


7<>37573 


: Sine Px 


26 


22 10 


9 


6 4753°9 


:: Tangent L.p?Z 


5 1 


52 3i 


10 


1052425 


: Tangent Z.P/Z 


84 


53 49 


n 


0490221 


Obtufe = 


95 


6 11 






To ss = 3* 


0° 


0' o'f 






Add L?pZ = 3 


5 . 


6 11 






The fum is == thei , 
long, of nona. deg. / 


5 


6 11 





By the foregoing procefs it appears, that the longitude of 
the nonagefimal degree is 6 s 5* 6' 11", and the altitude 
29 38' 12". 
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APPENDIX.. 

•— j!—" |-je afcertaining of the difference of longitude between? 
various places on the globe, particularly between im- 
portant headlands and feaports, and alfo between places where 
aftronomic obfervations are made, to perfect the knowledge 
of the heavens, and to improve navigation and geography, am. 
very defirable objects. Observations- of eclipfes of the moon 
and of Jupiter's fatellites have frequently been made ufe of for 
this purpofe. When the beginning or ending has been obferv- 
ed in two places, the difference in time i& the difference of 
meridians, which may be reduced to degrees, at the rate of 
15 ° per hour. But the earth's fnadow is fo imperfectly de- 
fined at the moon, that the beginning or ending of a lunar 
eclipfe cannot be fo fatisfactorily determined, that the difference 
of meridians, deduced from thefe obfervations, can be entirely 
depended upon. The beginning or ending of the eclipfes of 
Jupiter's fatellites can be determined with more precifion j but 
ftill, much depends upon the magnifying powers and the aper- 
ture of the telefcopes, which are made ufe of for the obferva- 
tion : nor is the difference of meridians between two places, 
deduced from thefe , obfervations, reckoned accurate, unlefs 
there is a qonuderabje number, both of immerfions and emer- 
fions, to be compared with corresponding ones. Of late years, 
therefore, obfervations of folar eclipfes, of occultations of fix- 
ed flare by the moon, and of traniits of the inferior planets 
over the fun's difk, when made under favourable circumftances, 
have been moOt fought for, and ufed, when they could be ob- 
tained, for determining differences of meridians. In thefe ob- 
fervations, the difference of times is not the difference of me- 

jj ridians, 
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vidians, but is fometimes more, and fometimes lefs, according 
to the parallaxes. Thefe, therefore, muft be carefully comput- 
ed ; and the tedioufnefs of the procefs has, doubtlefs, prevent- 
ed obfervations of this kind from becoming fo generally ufe- 
ful, as they would otherwife have been. But, as the difficulty 
may appear lerlened, by having the whole operation brought 
into one view, I now take the liberty of doing it, for the fake 
of thofe who have not made great advances in aftronomy, ihould 
any fuch meet with this paper. I have taken, for examples, 
thofe obfervations which have led to a determination of the 
difference of meridians between London and Cambridge, and 
Paris and Cambridge. An accurate determination of this dif- 
ference may be very ufeful. Hereby, the aftronomic tables, 
which have been fitted to the meridians of the celebrated ob- 
fervatories of Paris and Greenwich,, are made our own,, for all 
the purpofes of calculation ; and our obfervations may be made 
ufe of, for correcting and improving thole tables : *And mould 
new ones be conftru&ed for Cambridge, the fame may be ac- 
commodated to the European obfervatories. 

PROBLEM. 

Given the moon's longitude, latitude, horizontal parallax 
and horizontal femi-diameter, together with the altitude of the 
nonagefimal degree of the ecliptic, and the angle of it's pole, 
or angle P/>Z, and confequently the longitude of the nonagefi- 
mal degree, to find her parallax in latitude and longitude, her 
vifible femi-diameter, "or femi-diameter augmented agreeably to 
her altitude or zenith diilance, and the vifible difference of 
longitude between the fun and moon ? 

If 
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If the procefs be trigonometrical we muft firft find the 
moon's altitude and parallactic angle. 

In plate I, figure I, let'the arc peL cut the ecliptic in e= 
the moon's longitude, and let the arc / a t mark out her lati- 
tude ; then the point of interfection of the two arcs at j>, »will 
be the moon's true place or pofition. Let the vertical arc 
2/3> N be drawn •; then, in the triangle p p Z, the fide Zd will 
be the moon's zenith diftance, or co-altitude, and the angle 
p 5 Z her parallactic angle ; to find which, there are given two 
fides and the included angle, viz. the fide pZ = the altitude 
of the nonagefimal degree j the fide p j = the moon's diftance 
from p one of the poles of the ecliptic = the complement of 
her latitude, and the angle Z/> D = the difference between the 
moon's longitude and the longitude, of the nonagefimal degree. 

From Z let fall the perpendicular Zd, dividing the oblique 
angled triangle pj> Z into two right-angled triangles, right-an- 
gled at d, 

For fide Z D the moon's zenith diftance. 
Radius : Sine Co-angle ZpD :: Tangent pZ : Tangent pd. 
Take pd from p j> and the remainder will be 5 d ; then lay 
Sine Qo-pd : Sine Co-5 d :: Sine Co-pZ : Sine Co-Z 5. 

For angle pD Z, the moon's parallactic angle. 
Sine D d : Sine pd : : Tangent angle ZpD : Tangent angle pDZ. 

We muft next find the moon's parallax in altitude, prepara- 
tory to which, let the moon's diftance from the earth in femi- 
diameters of the earth be found. 

B 2 Tn 
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In plate I, figure II, in the plain right-angled triangle BAC, 
right-angled at B, let C B be the femi-diameter of the earth, 
which call i , the angle B A C the moon's horizontal parallax, 
the hypotenufe C A the moon's diftance from the earth's cen- 
ter in femi-diameters of the earth, to find which fay Sine an- 
gle B A C : fide B C :: Radius : hypotenufe C A. 

Having found the moon's diftance from the earth's center, 
there are given in plate I, figure III, in the plain oblique 
angled triangle BAC, the fide A C = the moon's diftance from 
the earth's center, the fide B C= the earth's femi-diameter, 
and the included angle B C A = the moon's true zenith dif- 
ance, to obtain angle B A C= the difference between angle 
B C A the true zenith diftance and D B A the vifible zenith 
diftance = the moon's parallax in altitude -, to find which, fiib- 
tra£t angle B C A from 180 the fum of the three angles, the 
remainder will be the fum of the two unknown angles ABC 
and B A C : Take the fum and difference of the fides A C and 
B C ; then fay, the fum of the two fides A C and B C : their 
difference : : the Tangent of half the fum of the two unknown 
angles : the Tangent of half their difference. Subtract the 
half difference from the half fum, and the remainder will be 
the leifer angle BAC = the moon's parallax in altitude,* which, 

added 

'* The common method of deducing the moon's parallax in altitude from her 
aue zenith diftance is by approximation ; finding the parallax for the true zenith 
diftance as if it were the vifible, by adding together the logarithmic Sine of the 
zenith diftance and of the horizontal parallax : then adding the parallax thus found 
to the true zenith diftance, and confidermg the fum as the vifible zenith diftance, 
and then going over the work again ; but I have exhibited the above method as 
ihe direct one ; and it is but little longer than the other. 
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added to the true zenith diftance, will give the vifible = angle 
DBA. 

For the parallax in latitude and longitude. 
Having found the moon's parallax in altitude fuppofe it let 
off plate I, figure I, upon the vertical arc from D to m towards 
the horizon, becaufe the vifible zenith diftance is greater than 
the true ; then, the point m will be the moon's vifible place, 
or her place as feen from fome given fpot on the earthy furface. 
From p to L, through m, let the arc fmh be drawn y then, 
in the triangle pm3, the angle mpD = the diftance between « 
and e on the ecliptic is the moon's parallax in longitude ; and 
the fegment my, of the fide pm, is her parallax in latitude ■; 
to find which by fpheric trigonometry, there are given two fides 
and the included angle, viz. fide pD, the moon's diftance from 
the pole of the ecliptic ; the fide Dm, the moon's parallax in 
altitude, and angle^B m = the fupplement of angle pD Z to 1 80 ° * 
-Or it may be more convenient to take the triangle U)m ; in 
which are given fides L 2 and Dm and the included angle LDm, 
—pD Z to obtain the fame things. But the moon's parallax in 
latitude and longitude may be found more eafily, by the follow- 
ing method. — Let fall the perpendicular mr upon the arc />DL ; 
then, there will be formed a right-angled triangle d mr, right- 
angled at r. As the perpendicular mr, in eclipfes of the fun, 
and even in occultations of fixed ftars by the moon, will al- 
ways be near the ecliptic, it may be confidered as parallal to it, 
without any fenfible error ; confequently, the fide mr may be 
reckoned == the fegment ym.- We may therefore call the fide 
jr the moon's parallax in latitude, and. the fide mr, augmented 
in the ratio of the. Sine of the moon's vifible co-latitude to ra- 
dius. 
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dius, will be equal to tie, the parallax in longitude. In occul- 
tations, when the moon's latitude is confiderable, this augmen- 
tation muft take place j but in folar eclipfes, her latitude is al- 
ways fo fraall, that the difference between mr and ne is imper- 
ceptible ; therefore, mr may be confidered as the true parallax 
in longitude. 

As the fides of the triangle d mr are very fhort, it may be 
reckoned a plain one, without any perceptible error ; and the 
fides Dr and mr maybe found by plain right-angled trigonome- 
try, the hypotenufe Dm, and the angle mDr = angle pD Z, 
being given. 

For fide 5 r, the moon's parallax in latitude. 
Radius : D m in feconds :: Sine co-angle mDr : fide jr in 
feconds. 

For fide mr, the parallax in longitude. 
Radius : Dm in feconds :: Sine angle mDr : fide mr in. 
feconds. 

General rules for applying the Parallaxes. 

In a place in north latitude, when the moon's latitude is 
north, if the parallax in latitude is lefs than the true latitude of 
the moon, fubtradt it from her latitude ; the remainder will be 
her vifible latitude north. If the parallax be the greater, fub- 
trad her latitude therefrom j the remainder will be the moon's 
vifible latitude fouth. If the true latitude of the moon be 
fouth, the parallax in latitude, whether greater or lefs, muft be 
added, and the vifible latitude will be fouth. Thefe rules muft 
be inverted, when the latitude of a place is fouth. 

The 



MATHEMATICAL PAPERS. 15 

The parallax in longitude muft be added to the moon's true 
longitude, to give the vifible, when her true longitude is to the 
eaft of the nonagefimal degree, otherwife, it is to be fubtracTred. 

If the moon's true latitude and longitude are to be found 
from the vifible, the above rules, for applying the parallaxes, 
muft be inverted. 

For the moon's augmented or vifible femi-diameter according 
to her altitude or zenith diftance. 

The vifible diameter of the moon, to a fpeclator on the fur- 
face of the earth, is continually enlarging, from the horizon to 
the zenith j becaufe the femi-diameter of the earth bears a fen- 
fible proportion to the moon's diftance. When the moon 
is in the zenith of an obferver on the earth's furface, fhe is 
nearer to him by almoft a whole femi-diameter of the earth, 
than when fhe is in his horizon. In the horizon, therefore, 
the moon's vifible diameter muft be the leaft, and in the zenith 
the greateft of all. 

The vifible diameter of any planet is inverfely as it's diftance 
from us ; therefore, to find the moon's augmented femi-dia- 
meter, from her horizontal, at a particular zenith diftance, we 
muft fay, — The moon's diftance from the earth's furface at the 
given vifible zenith diftance : her horizontal diftance, or dif- 
tance from the earth's centerf* :: her horizontal femi-diameter : 
her augmented or vifible femi-diameter at the giyen zenith diA 
tance. But fides of plain triangles are meafured by the fines 

of 

-j- The moon's diftance from a fpeflatov at the earth's center is the fame, at eve- 
ry altitude, as her horizontal diftance, 
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of the oppcfite angles ; thus in plate I, figure- Illy fine an$Te 

BGA, the moon's true zenith, diftance, meafures the fide AB» 

the moon's diftance from a fpedator on the earth's fur- 
face j and fine angle A B C, or which is the fame, fine angle 

DBA, the moon's vifible zenith diftance meafures the fide A C, 
the moon's diftance from the earth's center — her horizontal 
diftance. We may therefore fay, Sine angle ACB, the moon's 
true zenith diftance : fine angle DBA, her vifible zenith dif- 
tance :: her horizontal femi-diameter : her augmented or vifi- 
ble femi-diameter.* 

For the vifible difference of longitude between the center of 

the fun and moon. 

To obtain this, there are given the fum of the fun's hori- 
zontal femi-diameter, and the moon's augmented or vifible femi- 
diameter, at the time of the obferved beginning or ending of 
the eclipfe, for which the calculation is made, and the vifible 
latitude of the moon from the fun, found by properly apply- 
ing the parallax of latitude from the fum, by which a plain 
right-angled triangle may be formed. Thus in the plain right- 
angled triangle ©Ej>, plate I, figure IV, there will be given 
the hypotenufe ©J = the fum of the femi-diameter of the fun 
or moon,-f- or vifible diftance of their center, and the fide Ed', 

the 
* The augmentation of the moon's femi-diameter to her altitude or zenith dif- 
tance may be found in fome aflxonomical tables ; but I thought it beft to give the 
trigonometrical procefs. 

f This fum of the femi-diameter ought to be diminifhed, on account of dif- 
fraction, or the inflection of the rays which pafs the limbs of the moon, fuppofed to 
be caufed by her atmofphere. When an eclipfe or occultation would appear to us 
to be juft begun, were there no inflexion, this caufes her limb to be vifibly diftant 

from 
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the vifible difference of latitude between their centers, to rind 
the fide ©E, their vifible difference of longitude.* This may 
be obtained by Euclide, Book I, Prop. 47 ; or it may be 
found by common trigonometry thus © D : Radius : : Ej : 
fine angle E© D ; then Radius : ©d :: fine co-angle E©5 = 
angle Ep© : ©E. But ©E may be obtained more expediti- 
oufly, thus ; find the logarithms for the fum and difference of 
©5 and Ej -, the half fum of thefe logarithms is the loga- 
rithm of ©E. 

Having found/for the place from whence we defign to reck- 
on the difference of meridians, the parallaxes, and the vifible 
^difference of longitude between the centers of the fun and 
moon, at the obferved time of the beginning or ending of a 
folar eclipfe, or occultation of a fixed ftar, or for both the 
beginning and ending, where both have been obferved, we mull 
affume the difference of meridians in time, between the firft 

C place, 

from the limb of the fun, or from the fixed ftar 4I" : Therefore, at the inftant 
when the beginning or end appears to us, it is obvious, that the centers cannot be 
fo far afunder by 4j"> as the fum of the femi-diameters ; and by fo much.muft 
this fum be diminifhed. F.or a brief account of this inflexion, fee Astronomie 
par M. de La Lande, tomeii. art. 1992, 1993, edition feconde. 

* As the fun has a vifible latitude, equal to his parallax in latitude, the fide 
©E is not a portion of the ecliptic, but is parallel to it : But as it's utmoft diftance 
from it can never be more than between 8" and 9", the difference between this fide 
and the vifible difference of longitude, is imperceptible. In an occultation, when 
the ftar's latitude is large, this fide, parallel to the ecliptic, muft be enlarged, to 
give the vifible difference of longitude between the ftar and the moon's center, in 
the ratio of the cofine of the moon's vifible latitude, or of theftar's latitude to Ra- 
dius, according as the one or the "Other is neareft to the ecliptic. 
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place, and that whole longitude is fought ; and muft find the 
parallaxes the augmented femi-diameter of the moon and the 
difference of longitude between the centers of the fun and 
moon, or ftar and moon, for the obferved time of the begin- 
ning or ending of the eclipfe, or occultation, at this fecond 
place. 

We are next to find the time of the true ecliptic conjunction 
of the moon and fun, or moon and ftar, according to obfervatt- 
on : And here we are to obferve, that at the beginning of an 
eclipfe or occultation, the moon is vifibly not fo far advanced 
in longitude, as the fun or ftar, therefore, if we fubtract the 
vifible difference of longitude from the fun's vifible longitude,* 
or from the ftar's true longitude,-]-' we (hall have the vifible 
longitude of the moon. If to this vifible longitude, we ap- 
ply her parallax in longitude, with it's proper fign, we fhall 
have her true longitude according to obfervation, the fun's or 
ftar's longitude being fuppofed to be accurately given by the 
tables. If we make ufe of the moon's parallax in longitude 
from the fun inftead of her fimple parallax, which will pre- 
vent a feparate calculation for the fun's parallax in longitude, 
the vifible difference of longitude being fubtradled from, or 
added to the fun's true longitude will give the moon's vifi- 
ble longitude nearly ; and her parallax in longitude from the 
fun properly applied to this will give her true longitude. 

The 

* The fun's vifible longitude is found by applying his parallax in longitude with 
the proper fign to his true longitude. 

f As the fixed ftars have no perceptible parallax, there can be no diftin&ion in 
calculations between the vifible and true longitude. 
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The difference between the fun's or ftar's longitude and the 
moon's thus found will, it is obvious, be the true difference of 
longitude between them. But this may be found more readily 
thus — In eclipfes, if the vifible difference of longitude and the 
moon's parallax in longitude from the fun, and in occupations, 
the moon's fimple parallax, be both additive or both fubtrac- 
tive, their fum is the true difference of longitude, between the 
moon and fun or ftar. If the one is additive, and the other fub- 
tractive, their difference is the difference of longitude. 

It fometimes, though rarely, happens, that the moon, at 
the beginning of an eclipfe or occultation, has paft the true 
conjunction,* although her vifible longitude is lefs ; this is the 
cafe when the parallax, being additive, is greater than the dif- 
ference of longitude between the moon and fun or ftar. We 
muft invert this rule, to know whether the moon has pail the 
true conjunction, at the end. 

The true difference of longitude between the moon and fun, 
or moon and ftar being found, both for the beginning and end- 
ing of a fblar eclipfe, or of an occultation, where both have 
been determined by obfervation, the fum of thefe, when the 
moon was on different fides of the point of the true ecliptic 
conjunction, at the beginning and ending or the difference, 
when fhe was upon the fame fide in both, will be her whole 
motion in longitude from the fun or ftar during the time of the 

C 2 eclipfe 



* We fhall find an inftance of this at the beginning of the folar eclipfe at Green- 
wich, June 24, 1778. 
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eclipfe or occultation, according to obfervation.* Then we 
muftfay, This whole motion : the whole time of the duration : : 
the difference of longitude at the beginning or ending : the 
diflance in time between the obferved beginning or ending and 
the true ecliptic conjunction. 

When the beginning or ending only has been obferved, at 
the places for which we made the calculations, we mufl ufe the 
moon's horary motion from the fun, as given by the tables, for 
the firit term, and one hour or 3600", for the fecond term. 

The time thus found is to be added to the obferved time of 
the beginning of the eclipfe or occultation, when the moon is 
behind the true conjunction ; but. if fhe has palled it, then 
it mua be fub traded ; and the mm or difference will be the 
time of the true ecliptic conjunction according to obfervation. 

This 

* If this whole motion is confiderably different from that given by the tables, 
;md we make dependance upon the obfervations of the beginning and end of the 
eclipfe or occultation, we are to conclude, that the moon's latitude, by the tables, 
i •; not exaft ; and the correct latitude muft be fought, for the beginning and end, 
Thefe being obtained, the vifible difference of longitude between the fun's and 
moon's center is to be found, conformably thereto. By this it is fuppofed, that 
*iie moon's horary motion,' by the tables, is true ; which may' be concluded 
to be generally the cafe, in eclipfes and occultations ; and indeed it is much more 
likely that the latitude ihbuld be given too fmall or too large, in the tables, than 
that the horary motion ftiould be confiderably erroneous by them. In more than 
five ^hundred longitudes of the moon, calculated from Mayer's printed tables, by 
M, .Leniery, which lie compared with correfponding longitudes, deduced from 
the lunar obfervations of the late accurate and celebrated Dr. Bradley ; which com- 
parifons are published in Cotwoifance des Temps pour I' Annee, 1783, I find that the 
error in the moon's horary motion in longitude rarely amounts to 2".. It is not 
common lor it to exceed 1" ; and it is generally but a few tenths of a fecond. We 
may therefore make great dependance upon the horary motion given by thefe tables. 
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This rude is to be inverted, to find the time of conjunction 
from the obfervation of the end of the eclipfe or occultation. 

The time of the true ecliptic conjunction, according to the 
obfervation s, being found in this manner, for each place, the 
difference of times will be the difference of meridians. 

Let the preceding rules be now exemplified. 

The beginning of a folar eclipfe was obferved at the Royal 
Obfervatory at Greenwich, by Dr. Mafhelyne, the Aftronomer 
Royal, Auguft 5, 1766, at 5 29' 56"' P. M. apparent time, 
and by his affiftant at 5 h - 29' 53" P. M. the meari'being 5 h \, 
29' $7" . The end was obferved by the Doctor at y h - 1 1 ' 27", 
and by his affiftant at j h - 1 1 ' 40" P. M. the mean being j lu 

n' 33'^- 

The fame eclipfe was obferved by the late Dr. Winthorp, 
Hollis Profeffor of the Mathematics and Natural Philofophy, 
at Cambridge, who made the beginning at 1 i h - 39' 23" A. M. 
arid the end at 2 h - 45' g'' P. M. apparent time. 

Required the difference of meridians between Greenwich and 
Cambridge,- by thefe correfponding- obfervations ? 

The folar and lunar elements for calculating the parallaxes, 
&c. are from Mayer's tables. 

For Green wich at 5 h - 29' $7'*. 

The fun's longitude, 4 s - 13 9' $1" o 

The moon's ecliptic longitude, 4 13 3 59 o 

The 
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The moon's latitude north decreaiing, * 33' 1 7 " o 

The fun's horary motion, 2 43 2 
The moon's horary motion in longitude ~t 

in the ecliptic, j 2 9 z 9 5 

The moon's horary motion in latitude, 2 43 2 

The moon's horizontal parallax for Greenwich, $3 58 4 

The fun's horizontal parallax, 8 4 

The moon's horizontal parallax from the fun, 53 50 o 
The fun's horizontal femi-diameter by 7 

obfervation, J 5 4/ 

The moon's horizontal femi-diameter, 14 44 5 

The obliquity of the ecliptic, 23 28 18 o 

The latitude of Greenwich Obfervatory, 51 28 39 

Reduced to the center, 51 14 11 

Complement = FZ 38 45 49 

From thefe elements the altitude of the nonagefimal degree 
has already been found, s - 29 38' 12" 

And it's longitude, 6 5 6 1 1 

From which fubtradt the moon's longitude, 413 3 59 

The difference is equal to angle Zp D, 122 212 

= 52 2 12 

For the moon's zenith diftance and paralla&ic angle. Plate I. 

Figure I. 
For fide Z J. 



Radius, 










Sine Co-angle Zp » 
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48 


9 7889864 


Tangent pZ 
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9 7550557 


Tangent pd 
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20 


9 544°42i 
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70 
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Sine Co pd 70 42 40 9 9749099 

Sine Co nd 19 50 37 9 5307810 

Sine Co pZ 60 21 48 9 9391086 

Sine Co Z J 



J's.zen. dift. =Z> 



Sine W 

: Sine ^></ 

:: Tangent angle ZpT 

: Tangent angle pZ 24 13 55 g 6532974 

=.mir the parallactic angle. 

For the moon's diffance from the earth. in femi-diameters of the 
earth. Plate I. Fig. II. 

Sine angle BAC = the moon's V , ^ g m75g6 

horizontal parallax from fun, J 
; BC, the earth's femi-diameter, 1 
:: Radius 10 



l8 12 
90 


56 


9 


4949797 


7 1 47 


4 






For angle plZ. 








7° 9 
19 17 

52 2 


2 3 
20 

12 


9 

9 
10 


973475S 
5189498 

1 077631 



AC,themoon'sdiftancefrom| 63 g^* r g^^ 
the earth's center, J 



For 



* This is aot ftriftly the moon's diftance from the earth, becaufe her horizontal 
parallax from the fun is here ufed, inftead of her true parallax ; but the number 
thus found is to be taken for the next procefs.becaufe, in thefe calculations, we find 
her parallax in altitude, latitude and longitude from the fun, to prevent feparate 
proceffes for his parallaxes. When we are making thefe calculations in occultations 
of. the fixed ftars by the moon, her true horizontal parallax will neceffarily be tifed,. 
becaufe the fixed ftars have no difcoverable parallax. 



iU 



ASTRONOMICAL and 

For the moon's parallax in altitude. Plate I, Fig. III. 

Sum of the three angles, 

Angle BCA = B's zenith diftance, 

Sum of the two unknown z_'s 

Half fum 



180 o' o' 
7 1 47 4 

i 80 12 56 



54 6 28 

Side CA = D's diftance from the earth's center, 63 8617 
Side BC = earth's femi-diameter, 1 

Sum of the two fides including the known angle, 64 8617 



Their difference, 

The fiim of the two fides including ~\, g , 
the known angle, J 

: Their difference, 62 8617 

:: Tangent 4. fum of the twoT 6' 28 '< 
unknown angles, J 

'. Tangent 4- their difference, 53 15 5 



62 8617 

1 8119883 

1 7983861 
10 1404579 

10 1268557 



Leffer angle B AC or D's paral- 
lax in altitude from fun 



iral- 1 



5 1 2 3 
60 



3 o8 3 



The finding of the moon's parallax in altitude, from her true 
zenith diftance, may be much facilitated by the following 
ihort table, which I have calculated for the purpofe. 



TABLE. 
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TABLE. 




D's horiz. par*- 


Logarithms. j 


Difference. 
"~~TJi6~ 


53' 


0133919 


54 


°i3 6 445 


2526 


55 


0138971 


2526 


5 6. 


0141497 


2527 


$i 


0144024 


2527 ' 


58 


0146551 


2527 


59 


• 0149078 


2528 


60 


0151606 


2528 


61 


0154^4 


2528 


62 


0156662 





The firft column of this table contains the moon's horizon- 
tal parallaxes in minutes. In the fecond column are the loga- 
rithms, which are to be fubtracfed from the logarithmic tan- 
gent of the half fum of the two unknown angles (found as 
above) according to the moon's horizontal parallax. The re>- 
mairider will be the logarithmic tangent of the half difference 
of thole angles. The degrees, &c. anfwering to this, being 
fub traded from the half fum, will give the parallax in altitude. 

The ufe of the table exemplified. 

Required the moon's parallax in altitude from the fun, her 
horizontal parallax from the fun being 53 ' 50 ", and her true 
zenith- difbnce 71 ° 47' 4'', as before ? 
The Tang. 4. fum of the two] 

unknown angles, as above, J 
Logarithm from the table for 53 50 

The Tang. 4 difference of the 1 



two unknown angles, 

The moon's parallax in alti- 1 
tude from the fun, as before, J 



6' 28* 



S3 J 5 5 



10 



i4°4579 
o 0136024 

9 1268555 



5 1 n 

D 



For 
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For the moon's parallax in altitude from the fun by approxi- 
mation. 

Sine of the moon's true zenith! „ . ., , 

A . a \ 7 1 47' 4' 9 977 6 72! 

diltance, J 

The moon' shoriz. par. from the fun, 3230* 3 5092025 

Moon's par. in altitude from fun nearly 3068 •? 4868746 

= 51/ 8« 

7 1 47 4 
The moon's vifibiezen.difL nearly 72 38 12 Sine 9 9797448' 

323a" Log. 3 5092025; 
The moon's par. in alt. from the fun,. 3082, 8 g^ 

This is but -^ of a fecond different from the parallax which 
was found by the dired method. 

For the moon's parallax from the fun in longitude and latitude 

Plate I, Figure I. 

Radius 
: Dm the moon's parallax in alti- 1 .. nn 

tude from the for,, 1 *** " 3 ^™ 

;: Sineangle*>Z=wDrthepa-7 <>,,*<■ 

ralladk angle, J '* '' " » ^^ 

: mr the moon's parallax in Ion- T , ———«—. 

gitude from the fun, J 3 1 022142: 

— 21' S'\3 

Radius 

: >« 3083" 3 4 8g 9735 

:: Sine 

* The arc of this parallax is fo finaD, that we may ufe the logarithm of the ft- 
ceads contaiaetl ia it, iaftead of the fine of the arc without any feafibk error. 
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:: Sire co-angle />jZ 65*46' 5" 9 9599432 

: Dr the moon's paral. in. lat. from fan, 281 1, 3 

= 46' 5 1", 3 3 4489167 

For the moon's vifible or augmented femi-diameter. 

The Sine of themoon's true zen. did. 71 47 4 9 9776721 

: The Sine of her vifible zen. dift. 72 38 27 9 9797546 

::Herhoriz.iemi-diameter,i4'44", 5 = 884'', 5 2 9466978 

; Her augmented femi-diameter, 888, 8 ~ 

2 9487803 

Such is the trigonometrical procefs, for finding the moon's 
parallax in latitude and longitude, and her augmented or vifible 
femi-diameter ; but aftronomers have invented formulas, which 
greatly fhorten the- work, making it unnecefiary to find the 
moon's zenith diftance, parallactic angle, and parallax in altitude. 
In iblar eclipfes, the moon's latitude being very fmall, the for- 
mulas, are quite ^oncife and eafy. 

Let the parallax in latitude be called x, and in longitude y. 
Let the co-fine of the altitude of the nonagefimal degree be 
called C and it's fine D. Let the moon's horizontal parallax 
or her horizontal parallax from the fun be called p, her vifible 
latitude /, and true latitude L. Let the diftance between the 
moon's •vifible longitude and the longitude of the nonagefimal 
degre = Zpm in Plate I, Fig. I, be called b ; the true = Z/D, 
B. Then, the vifible latitude and longitude of the moon be- 
ing given, 
x ■=. pC hF pD fine / eo-fine b, 

y = *D fine b. . 

7 * D2 The 
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The fubtra&ive fign — is to be ufed, when the moon's lati- 
tude is north, the additive -f- when it is fbuth. 

In occultations, when the moon's latitude is large, 

x = pC co-line / + pD fine / co-fine b; 

y = pD fine by> e. y, found by pD fm&bi muft be enlarged 

; j-in ratio of the co-fine of. the moon's true la - 

Co-fine L J Utude tQ Radius _ 

Formulas have been invented to find the parallaxes in a diredt 
way, when the moon's true latitude and longitude are given ; „ 
but it is rather eafieiy in this cafe, to come at them by approx- 
imation, thus, 

Add together logarithm p, fine D, fine B, which will give 
y, or the parallax in longitude nearly. Add the parallax thus 
found to B,. which will give b nearly, viz. the. diftance be- 
tween the moon's vijible longitude and the longitude of the 
nonagefimal degree. Then log. p, fine D, fine b thus nearly 
found, will give^v, the .parallax in longitude, fufficiently exadt ; 
and this added to B will give corre& b. Add together log. /, 
fine C, which will give x, or the parallax in latitude nigh the 
truth. This being properly applied to L, the moon's true la- 
titude, will make /, the vifible latitude, nearly. Then add to- 
gether log. p, fine D, fine /, thus nearly found, and co-fine b, 
which give the logarithm of a number, that added to, or fub- 
tra&ed from x, as. before nearly found, will make the corred 
parallax in latitude. 

With refpedt to the moon's augmented femi-diameter we may 
fay B : C ; : the moon's horizontal femi-diameter : her aug- 
mented 
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mented ferai-diameter. Her augmented femi-diameter, thus 
found, will be fufficiently correft for all purpofes. 

Exemplification. 

The co-altitude of the nona- "J , . , 0// c . ^ Q , r , 

[6o°2i 48" Sine 9 9391086 C 

gefimal degree, J 

The altitude of the nonage- T 3 j2 ^ 6ni6 ^ D 
fimal degree, J 

The moon's horiz.V . „ lt T 

c m c W 5° — 3 2 3 '' Lo S- 3 5°9202sp 
par. from the fun, J 

The dift. between the moon's -1 

true long, and the long, of [52 2 12 Sine 9 8967492. R 

the nonagefimal degree, J 
The moon's true latitude, 33 17 N = L 

P 3 5°92° 2 5 
D 9 6941970 

B 9 8967492 



^•nearly 1259" 3 1001487 

= 20' 59 
B 52 2 12 

£ nearly 52 23 11 Sine 9 8988045 

/>D 3 2033995 

1265'', 3 3 1022040 
= 21 ' 5", 3 j's parallax in long, from © 
B 52 2 12 



£ .correcl: 52 23 17 Sine 9 8988143 

P 3 
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p 3 5092025 
C 9 9390986 



x nearly 2807 '',4 3 448301 1 

= 46' 47'' S 

3>'s true lat. = L 33 17 N 

-f- 

/ nearly, viz. S's vif. lat. 13 30 S Sine 7 5940588 

/>D 3 2033995 

Co-fine b 9 7855507 



3", 8 o 5830090 
x nearly 46' 47, 4 

•+• 3> 8 

# corred 46 51, 2 D's parallax in lat. from© 

Sine B 52 ° 2' 12" 9 8967492 

: Sine b 52 23 17 9 8988143 

:: The moon's horiz. "\, ., . lt , , on,,, . ,, 

• . J 14' 44% 5 = 884", 5 29466978 

ierm-diameter, J 

: Her augmented or viiible 1 000 o " '"'"""" 

r . ,. f *»8H, ° 2 9487629 

femi-diameter, J . ' * 

= 14' 48", 8 

By thefe refults it appears that the foregoing formulas find 
the parallaxes and augmented femi-diameter of the moon to 
great exadtnefs. 

Let us now find the vifible difference of longitude between 
the center of the fun and moon, at Greenwich, at 5 h - 29' $j", 
when the eclipfe begun there. Plate I, Fig. IV. 

The 
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The o's horizontal femi-diameter, 15 ' 47", o 

The j's augmented femi-diameter, 14 48, 8 

Sum, 

Subtract for inflexion, 

Vifible diilance of centers, 

Hypotenufe ©5 1831, 3 



3° 


35» 


8 




4> 


5 


3° 


3 r > 


3 


60 







The p's parallax in latitude from 0, 
The moon's latitude, — 

The D's vifible latitude from 0, 






46' 51", 2 S 
33 l 7> °. N 

13 34* 2 S 
60 


Side Ed 


814, 2 


Hypotenufe ©D 
Side ED+ 


1831, 
814, 


3 

2 




Sum, 
Difference, 


2645, 
1017, 


5 

1 


3 4225078 
3 °°73 6 37 

2 | 6 4298715 



Side ©E = the vifible diff. long, of! , 

, , , 6 [ l6 4o, 3 3 2149357 

© s and d s center, J 

= 27 20, 3 

For the moon's true longitude according to obfervation. 

From the fun's true long. aug. 5 D - § h - 29 ' 57 '' 4 s - 1 3 ' 9/51 '',0 
Subtract ©'sand s's viable diff.long. by obfervation, 27 20, 3 

Remains 
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Remains the s'svifible longitude nearly, 4 12 42 30, 7 

Add the moon's parallax in longitude from the ©. -f- 21 5, 3 

The fum is the D*s true long, according to obferv. 4 13 3 36, c 

The true diflf. of long, of G and ;S according to obferva. 6 1 5 

60 



375 

Let us now find the requifites for y h - u' 334" when the 
eclipfe ended at Greenwich. 

Elements for computing the parallaxes, &c. at f 1 - 11' 33—*' 

The fun's longitude, 4 s - 1 3 ° 1 3 ' 54", 5 

The moon's ecliptic longitude, 4 13 53 55, 6 

The moon's latitude north, 28 40, 6 

The fun's right afcenfion, 135 42 3.3 

The right afcenfion of the mid-heaven, 243 35 55 

Angle ^PZ, 26 24 5 

Complement, 63 35 5$ 
Side PZ as before, as alfo the d's horizontal parallax.* 

From thefe elements are found 
The altitude of the nonagefimal degree, 20 ° 1 1 ' 5'' 

Angle PpZ, 126 12 38 

The longitude of the nonagefimal degree, y s - 6 12 38 

Angle 

* As the moon was near her apogee, the horizontal parallax altered fo very little, 
m a few hours, that the fame may here be taken for the end, as for the beginning, 
If the moon is not near her apogee or perigee, at the time of a folar eclipfe, al- 
lowance fhould be made for the alteration of the horizontal parallax, between the 
beginning and end. 
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Angle Z/J = B, 82 ° 1 8 ' 42 " 

The moon's parallax in longitude from the fun, 18 25, 3 
The moon's parallax in latitude from the fun, 50 32, 5 S 

The moon's augmented femi-dianieter, 14 45, 1 

The fum of the g's and j's femi-diameters — 4' ',5 1 « /• , , 

for inflection = J 

The moon's vifible latitude from the ©==E 2 1311, 9 S 

The vifible diff. of long.of the ©'s& £'s centers =oE 1272, 4 

= 21' 12", 4 

To the fun's true longitude at 7 h - 1 r ' 3 3 "4- 4 s " 1 3 ° 1 3 ' 54-' ' » 5 
Add the vifible diff. of long, of © and D by obferv. + 21 12, 4 

The fum is the 3>'s vifible longitude nearly, 4 13 35 6, 9 
Add the $'s parallax in long, from the fun, -{-1.8 25, 3 

The fum is the D's true long, according to obf. 4 13 53 ■• 32, 2 

The true difF. of long, of © and s afc the end by obf. 39 yj, 7 

60 



= 2377,7 
The true-difF. by obfervation at the beginning, -t- 375, o 



The whole motion of the p from the o in 7 

f 2 7$ 2 >7 
the ecliptic by obfervation, 3 

By Mayer's tables 
Themooh'slong.atthebeginningoftheeclrpie,4 s ' 13* $' $<)'', o 
Ditto at the end, 4 13 53 5;, 6' 

The difference = the moon's whole motion ) , , 

during the eclipfe, y 

E * The 
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The fun's motion for the fame time, 



~4'3."5- 



The wholemotionofthesfromJhebbyMayer's tables 45 53, z 

60 



2 753> 1 



By this it appears, that the whole motion of the moon from 
the fun in the ecliptic, by obfervation, differs but o", 4 from 
that given by the tables : Therefore, if we fuppofe the horary 
motions by thefe to be correct, the latitude will be nearly exact,,, 
the obfervations being allowed good. 

For the time of the true conjunction of the fun and moon ac- 
cording to obfervation. 
The beginning of theechple by obf. at Greenwich, 5 1 29' 57 " 
The end, 

The difference as the duration 



7 " 


334- 


1 41 

60 


364 


101 
60 





6o96f 



The whole motion of J> from? 
the during the eclipfe, •> 
: The time of the duration, 6096^, 

:*. DifF.long-D&O at the beginning by obf. 375, o 

1 Tiie-tuae-irow^he begin, to ecliptic conju. 830f 2 9193530 



*75* ,T » 7 3 43975 8 9 

3 7850806 
2 57403i3 



To 
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To £he time of the beginning of theeclipfe by obferv. 5 fc -ag* 57" 
Add 13 S o:- 



The fum is the time of ecliptic conjunction by obferv. 5 43 471. 

Scholium. 

From the obfervation of the beginning or endi&g of a fclar 
eclipfe, at a place, for which aftronomic tables have been cca- 
ftrueted, or, at a place, whofe difference of longitude from that, 
for which the tables have been conftru&ed, is accurately ascer- 
tained, the error in the moon's longitude as given by them, 
may be known, if they have given her latitude exacl:, or the 
error, if there be one, has been corrected by obfervation. 
For example, when the foregoing eclipfe began at Greenwich, 
the moon's longitude, by Mayer's printed tables, was 4 s ' 1 3 ° 3 ' 
59", o,but, deduced from the obfervations, it was but 4 s - 13* 
3' 36", o j the error of thefe tables, therefore, in the moon's 
longitude, at that time, was -f- 23", fuppofing the latitude 
exact. By the obfervation of the end the error was 23 ", 4. 

Having found the time of the ecliptic conjunction of the 
fun and moon, at Greenwich, as deduced from the obfervations 
of the beginning and ending of the eclipfe, we are next to find 
the conjunction at Cambridge, from the obfervations made there. 

Let us affume the difference of meridians between Greenwich 
and Cambridge to be 4 h - 44* 25", then, at 1 i h - 39' 23' ', A. M. 
when the eclipfe began at Cambridge, it was 4 h - 23 ' 48 ' ', P. M. 
at Greenwich -, and the fun's longitude and right afcenfion, and 
the moon's latitude and longitude were the fame, at each place. 

E 2 Having 
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Having found thefe for Greenwich, at 5 h - 29' 57", P. M. it 
will be eafy to obtain them for 4^ 23 ' 48 ", anfwering to 1 i b » 
39' 23" at Cambridge, by the folarand lunar motions for i k 6' 
9", the difference between 5 h - 29' $y" and 4 h -23' 48". 

Elements for Cambridge at u h> 39' 23, A. M. 
The fun's longitude, 
The moon's ecliptic longitude, 
The moon's latitude north, 
The moon's horizontal parallax, 
The fun's right afceniion, 
The right afceniion of the mid-heaven, 
Angle />PZ 



The latitude of Cambridge, 
Reduced to the center. 

Complement = PZ 47 51 23 

From thefe elements are found, 
The altitude of the nonagefimal degree, 
Angle P/>Z 

The longitude of the nonagefimal degree, 4 
Angle. Zp 5 = B 

The moon's parallax in longitude from the fun, 
The moon's parallax in latitude from the fun, 
The moon's augmented femi-diameter, 
The lurn of the 0'.; and D'3 fcmi-cir.aieter — 4' ', 

for inflection = J, 
The moon's viiible latitude from the fun = E D , 



4 ! 


s. I3 c 


' 7' 


12" 


>5 


4 


12 


3 1 


28, 


1 






36 


16, 


8 






54 


0, 


5 




l 35 


35 


35 




aven, 


130 


26 


20 






*39 


33 


40 




r= 


40 


26 


20 




Complement 


49 


33 


20 






42 


23 


28 


N 




42 


8 


37 





67 


6 


3 1 


30 11 


1 


30 11 


11 


1 l 7 




936,8 




20 49,9 S 




H57> 2 


; ] 


l %39>7 




926,9 N 




The 
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The vifible diff. of long, of the o's & D '$ centers= ©E 1 589' ', 1 

= 26' 29",I 
From the fun's true longitude at Cambridge, 1 s> 
at n h 39'2 3 ", ^ j 4" 3 7 > 5 

.Subtract o's and 5's vifible diff. long, by obfervation, — 26 29, 1 



4 12 40 43, 4 
Subtract the moon's parallax of longitude from ©, — 9 36, 8 



The moon's true long, according to obferva. 4 12 31 6, 6 



The true diff. of long, of o & J according to obferva. 36 5,9 

60 



2165, 9 

Elements for the end of the eclipfe at Cambridge, at 2 h - 45' 

9", P. M. 
The fun's longitude, 4*- 1 3 ° 14' 37 ",j 

The moon's ecliptic longitude, 4 14 2 46, 7 

The moon *s latitude north, 27 51, 5 

The fun's right afcenfion, J 3-5 43 l 

The right afceniion of the mid-heaven, 177 o 16 

Angle ^PZ 92 59 44 

= 87 o 16 
Con^pkinc;u 

Fioni thcfe elements are founds " 

fhe altitude ex the nonagelimal dz^^r ' 53 7 3^ 

ft-nile P,oZ, ' 67 47 '<2 

i he h-:Mt::dz cf €iz ::r. r/rf :~r.l cVrcc* 5 7 45. 32 

Ancle 
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Angle Zp* — B> 23°42'45 ff 

The moon's parallax in longitude from the fun, 17 31, 7 

The moon's parallax in latitude from the fun, 32 22, 5 

The moon's augmented femi-diameter, 14 54, 7 

The fum of the o's and d 's femi-diameters — 4", 5 1 z g^ 7 2 

for inflection =02), J 

The moon's vifible latitude from the o — E d, 271,- S 

The vifible dirF. of long, of o's and 5 's centers = ©E i 8 1 7, i 

= 30 17, 1 
To the fun's true longitude at Cambridge, 1 s 

at 2 h - 45' 9", J 

Add o's and d's vifible diff. long, by obfervation, +30 17, 1 

4 13 44*54> 8 
Add the moon's parallax of longitude from o, 4- 17 31, 7 

The true long, of the moon according toobf. 414 2 26, 5 

The true diff. of long, of© and J» according to obferva. 47 48, 8 

60 



2868, 8 



The true difference by obfervation at the beginning "1 ^ 
n h - 39' 23 ■■', A. M. J 

The whole motion of j from oin the ecliptic by obf. 5034, 7 

By Mayer's tables, 
The moon's long, at the beginning of theeclipfe, 4 s - i2°3i' 28",i 
Ditto at the end, 4 14 2 46, 7 

Diff. = 5 's whole motion in the ecliptic during 1 j - , , g 5 

the eclipfe, J 

The 
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The fun's motion for the fame time, 7' 25 ",2 



The whole motion of i from o by Mayer's tables, 1 23 53, 4 

60 



83 
60 



5°33> 4 

By this it appears that the whole motion by obfervation dif- 
fers but 1 ",3 from that given by Mayer's tables. 

The time of the duration of the eclipfe by obfervation was 
11 146". 

For the time o£ the true conjunction of the fun and moon at 

Cambridge by obfervation. 
The whole motion of 2> from in the! ^^^ ^ ^^^ 

ecliptic during the eclipfe, , X 

: The lime of the duration, 1 1 1 46 4 047 1 1 90 

:: DiiKlong. jandoatthebegin.byobferv.2165, 9 3 3356384 

\ MMM*ma<MM 1 1-1— ■, 

: The time from the beginning to the j 3 ^g^ 

ecliptic 6 by obfervation, J 

= 79' 55" 
Add this time, = i*- 19 55 

To die time of the beginning by obferva. 11 39 23 

The fum is the time of ecliptics by obferva. o 59 18 
Time of ecliptic 6 at Greenwich by obferva. 5 43 47^ 

DifF. = the diff. of meridians between 1 

> 4 44 2$ir 

Greenwich .& Cambridge by obferva. * 

Thm 
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Thus it appears, that according to the obfervations of this 
cclipfe made at Greenwich and Cambridge, the difference of 
meridians between thofe places is 4 h - 44' 29^-'' ; fo that th-3 
time that was affumed for the difference was very near the truth. 
If the difference of meridians, thus deduced, is in any cafe con- 
siderably different from that which was affumed, this refult is 
to be confidered as only the approximate difference, and is to be 
ufed as a new-affumed difference, from which deductions arc to 
be made for the true, If the firft refult does not differ more 
than two or three minutes from the affumed difference of meri- 
dians, the fame parallax in longitude and latitude may be ufed 
in the fecond procefs, which were found and ufed in the firft j 
becaufe the right afcenfion of the mid-heaven will not differ 
more than 6" or 8 ''from the firft = the difference in the fun's 
right afcenfion, which, together with the finall difference in the 
moon's longitude and latitude, will make fo trifling a difference 
in her zenith diftance and parallactic angle, that the difference of 
parallaxes will be inconfiderable. All, therefore, that is neceffa- 
ry to be done, in the fecond procefs, is to find the fun's longitude 
and the moon's latitude for the approximate or new affumed dif- 
ference of meridians, from whence, with the parallaxes, we 
muft deduce the difference of longitude between the fun and 
moon, whereby the true conjunction will be obtained. 

For illuftration, let us take the foregoing obferations of the 
folar eclipfe, and aflume 4 h - 42 ' 25 ' for the difference of meri- 
dians between Greenwich and Cambridge. 

According to this affumption, at n h> 39' 23", A. M. when 

the eclipfe began at Cambridge, 

The 
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The fun's longitude by the tables, 
The moon's ecliptic longitude, 
The moon's latitude, 
The fun's right afcenfion, 
The right afcenlion of the mid-heaven, 

Angle p?X 

Complement 

j. 

Hence 
The altitude of the nonagefimal degree, 
Angle P/Z, 

The longitude of the nonagefimal degree, 
Angle ZpD= B, 

The moon's parallax in longitude from the fun, 
The moon's parallax in latitude from the fun, 20 49, 8 S 

© s as before, 1S39 ',7 

Es or the moon's vifible latitude from the fun, 932, 4 

The vifible difF. of long, of o's and D's centers = ©E 1585, 9 

= 26 '25 ",9 
The S's ecliptic long, by obferva. according 1 s ^, 

to the above aflumption, J 

The true difF. of long, of o and J> by obfervation 1 , 

according to the aflumption, J 

60 



4 s ' 13' 


5 T 


/ '■/ 


4 12 


3° 


29, J 




36 


22, 2 


*35 


n - 
JO 


3° 


130. 


26 


l S 


*39 




45 


40 


26 


r 5 


: 49 


33 


45 


67 





7 


3 l 


29 


49 


4 1 


29 


49 


11 





40 


an, 


9 


3 6 > 3 



2l62, 2 

At the end of the eclipfe at Cambridge at 2 1 ' 45' 9" accord- 
ing to the above aflumption, 

F The 
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The fun's longitude, 4 s - 1 3 * 14' 3 2 ''»9 

The moon's ecliptic longitude, 4 14 1 47, 7 

The moon's latitude, 27 56, 9 

The fun's right afcenfion, 135 42 56 

The right afcenfion of the mid-heayen 177 o 11 

Angle "/PZ, 9 2 59 49 

= 87 on 
■Complement 2 59 49 

Hence 

The altitude of the nonagefimal degree, 53 7 40 

Angle P/Z 67 45 30 

The longitude of the nonagefimal degree, 5 7 45 30 

Angle ZpD = B 23 43 42 

The moon's parallax in longitude from the fun, 17 31, 7 

The moon's parallax in latitude from the fun, 32 22, 4 

G D as before, 1 8 3 7 '*, 2 

Ed 265, 5 
The vifible difF. of long, of o's and D's centers = ©E 18 17, 9 

= 3°' I 7 // >9 

The moon's ecliptic long, by obfervation 7 

according to the above affumption, J 

The-true difF. of long, of© and 5 by obferva. at the end 1 , 

. (47 49> o 

of the eclipfe, according to the anumption, J 

.6.0 



2869, 6 
The difference at the beginning as above, 2162, 2 

The wholemotion of J) from o accord, to this afTum. 503 1 , 8 

J03 1 * 
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5031", 8 : 11146" :: 2162", 2 : 47894."= i h - 19' 49^" 
The beginning of the eclipfe at Cambridge, 11 3923 



The ecliptic 4 of © and j> by obferva. according! 
to the foregoing affumption, J 

Time of 6 at Greenwich by obfervation, 5 43 47A 



The difference of meridians by this aflumption, 4 44 35 

By this it appears, that the affumed difference of meridians, 
viz. 4 h - 42 25', differs much from the truth : But the paral- 
laxes refulting from this affumption, are fo very near thofe re- 
fulting from the firrt, that it is evident they may be employed 
in the remaining part of the procefs, without: caufing any fen- 
fible error. Let 4 h - 44' 3,5 'V the difference of meridians now 
found, be ufed as a new-affumed difference, which will give 
the moon's latitude at the beginning of the eclipfe at Cam- 
bridge 36 ' 1 6 ' ', 5, and at the end 27 * 5 1 ' , 2, and by a pro- 
per procefs we mall find the vifible difference of longitude of o 
and J at the beginning 1589", 3, and the true difference 2165 ', 
6 ; and at the end the vifible difference 1817," 1, and the true 
2863 ', 8'. Hence we find the time of ecliptic conjunction at 
Cambridge o h - 59 ijl'\ and the difference of meridians be- 
tween Cambridge and Greenwich 4 h - 44' 30", but half a fe- 
cond different from what it was at firft found. 

If inftead of finding the difference of meridians at once, by 
the conjunction at each place, any one chufes to find it by the 
beginning and end feparately, he may eafily do it. 

F 2 At 
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At the beginning of the foregoing eclipfe at Greenwich, it 
appears, that the moon's ecliptic longitude by obfervaticn was 
4 s - 1 3 3' 36", o, but when it began at Cambridge, her lon- 
gitude by obfervation was but 4 s - 1 2 ° 3 1 ' 6 ''. The difference 
is 32' 29", 4 = 1949'', 4. Let us find how long the moon 
Avas in palling over this portion of the ecliptic, thus, 

The s's horary mot. in-long. 29 '.29/ ',5 =1769 ",5 3 2478506 
: 1 hour, 3600 3 5563025 

:: I 949> 4 3 2899010 



- 39 6 6 .3 59 8 35 2 9 

= i h - 6 '6" 

Bv this it appears, that it was i h - 6 ' 6" after the-eclipfe be- 
gan at Cambridge, before the moon had the fame longitude, as 
when the beginning was obferved at Greenwich : Therefore, 
to n h - 39' 23% A. M. add r h - 6' 6" ; the fum 0^45' 29'', 
mews the time at Cambridge, when fhe had the fame longitude 
as at Greenwich at $ h - 29 ' $7" ; and the difference 4 h - 44' 28" 
is the difference of meridians in time, between thofe two places 
as deduced from the obfervations of the beginning of this 
eclipfe. By a fimilar procefs, we find the difference refulting 
from the obfervations of the end to be 4 h - 44' 314-". The 
mean is 4 h - 44' 2 9 - f ". 

Another folar eclipfe, the obfervations of which we makeufe 
of, to determine the difference of meridians between Greenwich 
and Cambridge, is that of June 24, 1778. As the clouds 
were troublefome, at that time, at Cambridge, and confequent- 

!r 



MATHEMATICAL PAPERS. 



45 



\y the observations fomewhat uncertain, we may take the obfer-* 
vation of the end of the eclipfe made at Chelfea, by the Rev. 
Mr. Payfon, who had a very favourable time. And as Mr. 
Payfon and I have, by terreflrial meafurement, made with much 
precifion, found Chelfea to be 26" in time eafl of Cambridge, 
this obfervation is the fame to our purpofe, as if made in Cam- 
bridge. 

The beginning of this eclipfe was obferved by the Rev. Dr. 
Nevil Maikelyne, at the Royal Obfervatory at Greenwich, at 
3''- 40' 11 ", and the end at 5 h - 25' 12" apparent time.* At 
Chelfea, the end was obferved by the Rev. Phillips Payfon, at 
his own houfe, at 1 i h - 38' 23", A. M. apparent time. 



At the Royal Obfervatory at Greenwich, at 3 h- 4o' 1 1 " appa- 
rent time. 
The fun's longitude by Mayer's tables, 3 s - 3 ° 4' 2",o 

The moon's ecliptic longitude, ^7, 6 32, o 

The 



* I am indebted to Mr. De LaLande, a celebrated member of the Royal Aca- 
demy of Sciences at Paris, for the European obfervations of this eclipfe ; who, in 
.a very obliging manner, in a letter of November 30, 1 781, communicated them 
10 me. They are as follow : 



At Oxford, 


Greenwich, 


Deptford, 


Stockholm, 


Paris, 


Beg. 3 h ' 33' 44" 


3 h - 40' 11" 


3 h * /jo' 12* 


S b - 4' 19" 


3 h ° 53' 15* or 13" 


End. 5 19 48 


5 2 5 I2 


5 2 5 ll i 


6 13 25 




Marfellles, 


Padua, 


Milan, 


Cadiz, 


Touloufe, 


Beg. 4 12 


4 41 46 


4 29 9 


3 18 53 


3 52 27or24or22 


End. 6 1 46 


6 21 41 


6 12 


5 26 25 





As the beginning only was obferved at Paris, I have taken the obfervations made 
.at Greenwich, where the end as well as the beginning of the eclipfe was ieen. 
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The moon's latitude north increasing, 19' 2o",7 

The fun's horary motion, 2. 23, o 
The moon's horary motion in long; in the ecliptic, 37 36, 3. 

The moon's horary motion in latitude, 3 9, 8 

The moon's horizontal parallax, 61 7, 6 

The fun's horizontal parallax, 8,, 4 

The fun's right afcenfion, 93°20 36 

The right afcenfion of the mid-heaven, 148 23 21 

Angle pPZ, 121 36 39 

=• 5 8 2 3 2I 
Complement 31 36 39 

The fun's femi-diameter, 15 47 

The moon's horizontal femi-diameter, 16 40, 3: 

The obliquity of the ecliptic, 23 28 6 

PZ, &c. as before, 

Hence 
The altitude of the nonagefimal degree, 54 13 45 

Angle PpZ, 4i 5 7 

The longitude of the nonagefimalv degree, 40 5 7 
Angle Z/D—B, 37 58 35 

The moon's parallax in longitude from the fun* 30 47, 6 
The moon's parallax in latitude from the fun, 35 50, 1 

The moon's augmented femi-diameter, r6 51, 9 

Thefumof 'sScs'sfemi-diam. — 4 ',5 for inn 1 . = © % 1954", 3 
The moon's vifible lat. from the fun = Ej> 989, 4 

The vifible diff. of long, of o's and J>'s centers G E, 1685, 3 

— 28 5 ">3 
The moon's ecliptic long, by obfervation, 3 s - 3 ° 6 44, 3 

At 
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rAt the Royal Obfervatory at Greenwich, at 5 h - 25' 12" appa- 
rent time. 
The fun's longitude, 3 s - 3 ° 8 ' 1 2 ' ',2 

'The moon's ecliptic longitude, 3 41221,0 

'The moon's latitude north, 42 52, 8 

The fun's right afcenfion, 93 25 8 

The right afcenfion of the mid-heaven, 174 43 8 

Angle p?Z, 95 16 52 

= 84 43 8 
Complement 5 16 52 

Hence 
"The altitude of the nonagefimal degree, 46 11 19 

Angle YpZ 59 45 50 

The longitude of the nonagefimal degree, 4 29 45 50 
Angle Z/>>=B, 5 5 33 2 9 

The moon's parallax in longitude from the fun, 36 33, 5 
The moon's parallax in latitude from the fun, 42 20, 7 

The moon's augmented femi-diameter, 16 47, 8 

Thefumofo's&D'sfemi-diam. — 4", 5 forinfl. = ©5, 1950'', 3 
The moon's vifible lat. from the fun = E D , 1^47. .9 

The vifible difF. of long, of ©'sand ]>'s centers =©E, 1644, 9 

= 27' 24", 9 
The moon's ecliptic long, by obfervation, 3' s, 4°i2 10, 6 

Hence it appears, that the motion of the moon by obferva- 
tion, during the eclipfe, with refpeft to the ecliptic, was 1 ° 
5 ' 26 ",3 ; but, by Mayer's tables, it was 1 ° 5 ' 49". Suppof- 
' ing then the horary motion by the tables to be true, as is moil 
.probable, we may conclude, that there is an error in the moon's 

latitude, 
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latitude, as given by them, the corre&ion of which may be 
found, in the manner following : 

The D's longitude at the beginning, per tables, 3 s - 3 ° 6' 32 ",o 
The D's parallax in longitude from o • — 30 47, 6 



3 2 35 44. 4 
The d's longitude at the end per tables, 3 4 12 21, o 

The D's parallax m longitude from o — 3^ 33* 5 



Subtract 

Difference 

Subtract o's motion during the eclipfe,.. 

Remains D's vifible motion from o per tables, 



335 2 > 9 
The d's vifi. Iat, from by calculation at beginning, 98o/',4 

At the end, 1 047, 9 



3 


3 


35 


47> 


5 


3 


2 


35 


44> 


4~ 




1 





3> 


r 






4 


10, 


-7 






55 


52, 


9 






60 







The j's vifible motion in latitude from the o,* 58, 5 

Jn plate I. fig. I. let Eg C be a portion of the ecliptic § = 
3352",9 the moon's vifible motion from the fun, during the 

eclipfe. 

* The moon's vifible motion as it arifes From her horary motion and parallaxes 
in latitude, is not affe&ed by the fmall error in the latitude given by the tables. 

§ See note, page 17. 
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eclipfe. Let DE be = the moon's vifible latitude from the fun, 
at the beginning of the eclipfe, and CL the fame at the end. 
Let »M be drawn parallel to E©C ; then, ML = 58^.5 will 
be ths moon's vifible motion in latitude from the fun, during 
the eclipfe, and MdL, the vifible angle of the moon with the 
fun in the ecliptic.* Let 53 be the diftanceof the g's and d's 
centers, at the beginning of the eclipfe, and ©L the fame at thc 
cnd ; then the point at © will be the place of the ecliptic con- 
junction ; and the line © D, perpendicular to the ecliptic, and 
cutting the moon's vifible path dL in D, will be the moon'? 
vifible latitude from the fun, at the time of the ecliptic con- 
junction ; and the line N, perpendicular to the vifible path, 
and cutting it inN, will be theleaft diftance of centers. 



DM 
: ML 
:: Radius 


igle MbL, 
MDL, 

j N and LN 


1 
G 


335 2 ">9 
58, 5 

0' 2'-' 
2 
58, 5 

3352> 4 

3353">4 
3904, 6 

4, 
4, 6 


3 

1 

10 


5254206 
7675269 


: Tangent ar 

Sine angle 
: ML 
:: Radius 


8 
8 
1 

10 


2421063 

2420401 
7675269 


: 3>L 

dL 
: 5 04-L© 
:: do — L© 


3 

3 

3 



5254868 

5254868 

59^796 
6020600 


: Difference 





6681528 



* The true fide ML is fo ftiort in this frnall figure, that it was neceflary to in- 
creafe it for the fake of illuftration ; but every one knows that the calculations are 
»ot affected by it, the true length being ufed in them. 
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i. difference dN and LN 


1676 ",7 
H 2, 3 


3 
10 

3 




2>N 

LN 

JO 

: Radius 

:: dN 


1679, 

1674, 4 
i954> 3 

1679, 

59° 13' 9'f 

+ 102 


2909912 

2250507 


: Sine angle 5 ©N 
Angle NDD = MDL 


9 


934°595' 


Angle DGD = 3>©F 


60 13 11 
9° 





Angle 2>©E 

Radius 
: DO 
:: Sine angle dg>E 
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• d's vifible lat. from = 16' 10, 5 S 

From D'-s parallax in lat. from © 35 50, 1 
Sub.£'svifi.lat.from©nowfound 16 10, 5 

Remains P's correct latitude, 19 39, 6 N 
D's lat. by Mayer's tables, 19 20, 7 N 

Error of the tables in ])'s lat. — 18, 9* 



* As the time both of the beginning and end of the eclipfe is ufed in deducing 
this error, there is no need of finding CJo which, would give the fame. 
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Thus it appears, by the Greenwich obfervations of the be- 
ginning and end of this eclipfe, that the latitude of the moon, 
given by Mayer's tables, is 1 8 " , 9 too fmall,* which correc- 
tion, being applied, will give her latitude at the beginning 1 9 ' 
39 ", 6, and at the end 25 ' 1 1 ", 7. Hence the vifible differ- 
ence of longitude, at the beginning, was 28' 16", 3, and at 
the end 27' 36", 7 • and the true longitude by obfervation f- 
3° 6 ' 33"> 3 and 3 s - 4 12' 22", 4, the difference being i a 
5' 49", as by the tables. The true difference of longitude 
between the fun and moon, at the beginning, was 151 ', 3, 
the moon's longitude being the greateft : Therefore, 2>'s horary 
motion from 021 1 3", 3 : 1 hour= 3600'' :: 151 ", 3 : 257-i" 
= 4' 17V > which being fubtradted from 3 h> 40' 11" (theob- 
ferved time of the beginning of the eclipfe at Greenwich) be- 
caufe the moon had really paffed the conjunction, leaves 3 h - 35' 
534." for the apparent time of the true ecliptic conjun&ion. 

Let us now affume 4 h - 44 '4" for the difference of meridians 
between Greenwich and Chelfea, and find the elements for 
Chelfea, at the end of the eclipfe, viz. At 1 i h - 38 ' 23 '', an- 
fwering to 4> 22 27 'at Greenwich, according to this affump- 
tion. 

At Chelfea at u K 38' 23", A. M. apparent time. 
The fun's longitude, 3 s ' 3° 5'4 2 S ' 

The moon's ecliptic longitude, 3 3 33 



i, 3 
G 2 Vte 



* By the Oxford' obfervations of the beginning- and end of this ecl^e, the error 
in latitude, in MWs tables, was - a* 6, differing but a , 7 uom the errcr 
found by the Greenwich obfervations. 
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The moon's lat. corrected by the Greenwich obferva. 21 53, 2 

The moon's horizontal parallax, 61 10, gt 

The fun's right afcenfion, 93 22 25 

The right afcenfion of the mid-heaven 87 58 10 

Angle p?Z y ijy 58 10 

= 2 1 50 

Complement 87 58 10 

The latitude of Chelfea, 42 25 11 

Reduced to the center, 42 10 20 

Complement = PZ 47 49 4a- 

Hence 
The altitude of the nonagefimal degree, 71 17 6 

The longitude of the nonagefimal degree, 2 28 24 40 
Angle Z/J) — B 5 8 21 

The moon's parallax in longitude from the fun, 5 15, 8' 

The moon's parallax in latitude from the fun, 19 32, 6 

Thefumofo's&S'sfemi-diam. — 4 ",5 for inn. = G3>» 1959 ",8 
The moon's vifible latitude from the fun, 140, 6 

The vifible diff. of long, of o's and b's centers = ©E 1954, 7 

= 3 2 '34 // >7 
The moon's ecliptic long, by obfervation, 3 s ' 3° 33 *> 7 

The true diff". of lone, of o and S accord- T „ 

1 a- f 27 18, 9 

in? to the ailumption, J 



1638^,9 



S's horary motion from © 2113'', 3 : 1 hour= 3600;', :: 
1638'', 9 : 2792'* = 46' 32''. Subtract 46' 32" from u h - 
38' 23'', the time of the end of the eclipfe at Chelfea, and 
the remainder io h - 51 ' 51 ", A. M. will be the time when the 

true 
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true ecliptic conjunction happened. This fubtracted from 3 h - 

35' 53"+"» P- M. tne tnne °^ tne true ec^ptic conjunction at 
Greenwich, leaves 4> 44' 2^-" for the difference of meridians 
between thefe two places. To this add 26 '', the difference of 
meridians between Cambridge and Chelfea ; the fum, 4 h - 44' 
28^.'' will be the difference between Cambridge and Greenwich, 
by the obfervations of this eclipfe. 

Deductions from the obfervations of a tranfit of Mercury, No- 
vember 5, 1743, for determining the difference of meridians 
between Paris* and Cambridge. 

At Paris, November 5, 1743, a tranfit of Mercury was ob- 

ferved by 

ift. inter, contacl. 
Apparent time. 

Mr.MaraUi. | A( ^ Obferva.o.y, i*i°'#* 

Mr. Caflini, jun. J 18 40 34 

The Abbe de la Caille, at College Mazarin, 8 40 38 

Mr. Caffini, fen, at Thury, 8 40 3 1 



The mean, 8 40 37- 

id. inter. conta<5h jd. exter. cental. . 

Mr. Maraldi, i h -io'i7" 1 12 18 

Mr. Cailini, jun. 1 10 26 1 12 24 

The Abbe de la Caille, 1103 11158 

Mr. le Monnier, jun. nearl 

Port St. Honore, J ° 

Mr. 

* A bad ftate of the atmofphere prevented this tranfit from being obferred as 

Grcenwi;3j, 
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Mr. Caffini, fen. i h - 1 o ' 2 8 " 



Mean, 1 10 13.4 1 12 10 i 

Hence it appears, that at the egrefs, Mercury was about 1 ' 
$y' J in making his tranfit acrofs the fun's limb, the half of 
which, viz. 58^', added to the time of the fecond internal 
contact, will give i h - 11' 12'', P. M. for the time of the cen- 
tral contact, at the egrefs ; and, fubtra&ed from the time of 
the firft internal contact, will give the central contact at the 
ingrefs 8 h - 39' 38-i", A.M. 

N. B. The place where Mr. Caffini, {en. obferved is 6" 
'in time eaft of the meridian of the Royal Obfervatory ; the 
place where Mr. le Monnier, jun. obferved, 2" weft. The 
times obferved by them are here adjufted to the meridian of the 
Obfervatory. The place where the Abbe'de la Caille made his 
obfervations is fo near to the meridian of the Royal Obfervatory, 
that the difference in time is imperceptible. 

At 8 h- 39' 384, ', A. M. apparent time, at the Royal Obfervatory 

of Paris. 
The fun's longitude, y s - 1 2 ° 3 2 ' $y ",205 

Mercury's geocentric ecliptic longitude, 7 12 45 5, 688 
Mercury's geocentric lat. fouth decreafing, 10 48, 165 

The fun's right afcenfion, 220 5 40 

The fight afcenfion of the mid-heaven, 170 021 

Angle pPZ, 99 59 39 

= 80 

* Mr. Caffini, fen. was doubtful of the fecond external contact ; it is therefore 
omitted. 
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= 8o° O'2-I" 

Complement 9 59 39 

Mercury's diftance form the earth, log. 4 829651 

: The fun's diftance from the earth, log. 4 995787 

:: The fun's horizontal parallax, 8 ",58 log. o 933487 



: Mercury's horizontal parallax, 12, 578 1 099620 

Mercury's horizontal parallax from the fun, 3 '',998 

The fun's femi-diameter, 16' 11, 7 

Mercury's femi-diameter, 5, 1 

The fun's horary motion, 2 30, 7 

Mercury's geocen. horary mot. in the ecliptic retrog*. 3 22, 12 
Mercury'smat.upono'sdifcwithrefpe&totheeclip. 5 52, 82 
Mercury's horary motion in latitude geocentric, 51, 7 

Latitude of the Royal Obfervatory at Paris, 48 "50 14 
Reduced to the center, 48 35 26 

Complement = PZ 41 24 34 

Hence 

The altitude of the nonagefimal degree, 50 2 38 

The longitude of the nonagefimal degree, 5 s ' 28 n 44 
Angle .Z/Ljf. = B, 44 33 22 

Mercury's parallax in longitude from the fun, 2, 151 

Mercury's parallax in latitude from the fun, 2, 574 

The fun's femi-diameter =0? 97 1 , 7 

Mercury's viftble lat. from the fun's center — Eg 650, 739 
The vifi.dirr. of long, of 'sand g 'reenters — ©E, 721, 484 

= 12' 37, 43,4 
.©'e longitude, 7 12 32 ^j, 20,5 

Add' 
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Addvifi.diff.long.of o's& $ 'scent. g beingretro. -f- 12' 1 ",4 



7 s - 12°44 58, 605 
Mercury's parallax in longitude from the fun, — 2, 151 



Mercury's true long, by obfervation, 7 12 44 56, 454 



Thetruech^.long.o's&s'scen.byobf.atS 11 ^^!'', 11 59, 249 

60 



719, 249 



N. B. The above references are to Plate I. Fig. I. and IV. 
5 being fuppofed changed for $ . The various procenes are 
fimilar to thofe made in the foregoing folar eclipfes. 

At i h - 1 1 ' 1 2 " the time of the central contact of g at the egrefs. 

The fun's longitude, 7 s - 12°44< 19 ",258 

Mercury's geocentric ecliptic longitude, 7 12 29 50, 909 

Mercury's geocentric latitude fouth, 6 54, 174 

The fun's right afcenfion, 220 16 58 

The right afcenfion of the mid-heaven, 238 4 58 

Angle p?Z 31 55 2 

Complement 58 4 58 

Hence 

The altitude of the nonagefimal degree, 24 16 35 

The longitude of the nonagefimal degree, 7 1 43 37 
Angle Zpv = B, 10 46 13 

Mercury's parallax in longitude from the fun, o, 307 

Mercury's 
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Mercury's parallax in latitude from the fun, 3 // >^47 

G 5 as before, 971, 7 

Mercury's vifible lat. from the fun's center = E 5? 417, 821 
The vifible diff. of long, of o's and 5 's centers = ©E 877, 284. 

= 14 '37, 284 
Mercury's true ecliptic long, by obfervation, 7 s - i2°2Q 41, 667 

Hence it appears, that Mercury's motion in geocentric lon- 
gitude in the ecliptic, by obfervation,. from his central contact 
at the ingrefs, to his central contact in the egrefs, was 15*1 4", 
787. According to the horary motion in the elements, from 
whence the calculations were made, it was 15' 14", 779. We 
may therefore take the motion given in the elements, as the 
true, and%, 5' 52'', 82 =352", 82 Mercury's horary moti- 
on upon the fun's difc with refpect to, the ecliptic : 1 hour = 
3600" :: 7 1 9/^ 249 the true difference of longitude of o's and 
5 's centers at the central contact at the ingrefs : 7339" = 2 K 
2' 19*'. This added to 8 ht 39' 384",. the time of Mercury's 
central contact at the ingrefs, will give io h - 41 ' 57^", A. M. 
apparent time, for the true ecliptic conjunction, by obfervation. 

The fame tranfit was obferved by ProfeiTor Winthorp,* at 
Cambridge, who faw the fecond interrfal contact at 8 h - 17' 5", 

H A. M. 

* Profeflbr Winthrop, in a letter to Dr. BliTs, Aftronomer Royal, dated 20th 
June, 1763, and publifhed in vol. LIX, of the PhilofophicalTranfaaions, commu- 
nicates his obfervations of this tranfit, with the exprefs defign of fettling the longi- 
tude of Cambridge, by comparing them with the European ones j and he gives it 
as his opinion, that it might thereby' be determined with more exaclnefs, than by 
any obfervations that had been made ufe of, for that purpofe. 

.Ht 
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A. M. apparent time, and the fecond external contadl at 8 h - i8 f 
58 " ; which makes the contact of Mercury's center, at the 
egrefs, at 8 h - 18' ij.", A. M. 

Suppofe the difference of meridians between Paris and Cam- 
bridge to be 4 h - 53' 45", then it was i h - 1 1 ' 464.", P. M. at 
Paris, when it was 8 h - 18' i-i", A. M. at Cambridge. 

Elements at i h - 11' 464-", P. M. at Paris, anfwering to 8 h - 
18' 14.", A. M. at Cambridge. 

The fun's longitude, y s - 12°44' 20", 701 

Mercury's geocentric ecliptic longitude, 7 12 29 48, 068 

Mercury's geocentric latitude fouth, 6 53, 679 

The fun's right afcenfion, 220 17 o 

The right afcenfion of the mid-heaven, 164 47 22 

Angle /PZ, 105 12 38 ' 

= 74 47 2Z 

Complement 15 12 38 

PZ, as before, 47 51 23 

Hence 
The altitude of the nonagefimal degree, $7 27 17 

The longitude of the nonagefimal degree, 428 443 
Angle Z/> $ = B, 74 25 5 

Mercury's parallax in longitude from the fun, 3, 246 

Mercury's 

He informs !Dr. Blifs, that his clock was adjufted by correspondent altitudes of 
the bright ftar of Aries, taken the night before the tranfit, with a quadrant of two 
feet radius ; and on the day of the tranfit, by correfpondent altitudes of the fun ; 
all which agreed within 5" ; and that he allowed for the difference of the fun's de> 
clination morning and afternoon. 
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Mercury's parallax in latitude from the fun, 2 ",154. 

OS, 97 1 * 7 

Mercury's vifi. lat. from the fun's center = E 5? , 415,833 

The vifi. diff. of long, of o's and g 's centers = ©E, 878, 227 

= '4' 3 8 » 22 7 
From the fixn's longitude, 7 s - 12 "44 20, 701 

Subtract the vifi. diff, of long, of o's & g's centers, 14 38, 227 

7 12 29 42, 474 
Subtract g's parallax in longitude from O, 3, 246 



Remains S 's geocent. eclip. long, by obferv. 7 r» 

accord . to the a/Turned diff. of meridians, J 



The true diff. long, o's & g's cent, by obferva.l 



60 



88l, 473 



352", 82 : 3600" :: 881", 473 : 3994" = 2 h -29' 54". 
Therefore, 

From the time of $'s central contact byl », a ,.. » *, 
, r . „ 1 ., , / }8 h -i8' if",A.M. 

obfervation at Cambridge, at the egrefs, J 

Subtract 2 29 54 

Rem.the time of the true ecliptic conj. by obf. 5 48 74., A. M. 
The time of the true ecliptic conjunction 1 3 . M 

at Paris by obfervation, J ' 



Difference = the difference of meridians 1 
between Paris and Cambridge, j "r 53 5 t 

H 2 Subtraft 
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Sub.thediff.ofmerid.betw.Paris&Greenwich,. — 9' i6",A.M~ 



Remains the difference of meridians be- T h 

f 4 44 34f 
tween Greenwich and Cambridge, J 

The diff. by the obfervations of the folar T , 

eclipfe of Auguft 5, 1766, I 

Do.bytheobf.^fthefoLeclipfec>fJ.une24,i778, 4 44 287 

The meaa 4 44 30:- 

Therefore, avoiding fractions, the difference > 

of meridians may be called J + 



J In ,1 letter to the prefent Aftronomer Royal, publifhed in die volume of the 
Philosophical Tranfactions for 1781, I made the difference of meridians between 
Cambridge and .Greenwich, by the folar eclipfe of Aug. 1766, to be 4 1 " 44' 22" ; 
and by the tranfit of Venus of June, 1769, to be 4»- 44' 12", comparing Mr^ 
Hitchins's obfervation of the internal contact only, with Dr. Winthorp's. The 
mean of thefe two refults, viz. 4 h - 44' 17*, I gave as the true difference. But as 
the fun was low, when the obfervations of the tranfit were made at Greenwich, 
which caufed an uncertainty attending them, not experienced where the altitude 
was confiderable and the atmofphere clear, I have fuppofed it not expedient ta 
make ufe of the refult from this phenomenon, in the foregoing paper. 

In making my deductions from the folar eclipfe of 1766, in the ahove appendix, 
l have taken the mean between the time of the obfervations of the Aftronomer 
Royal, and of his affiftant ; whereas, in the former calculations, I took thofe only 
of the Aftronomer Royal. I have alfo ufed 42 23' 28*, for the latitude of Cam- 
bridge, as determined by Profeffor Williams, inftead of 42 25' ; and with thefe 
alterations, having carefully gone over the work anew, I have found the difference 
of meridians, from this eclipfe, 4*>- 44' 2of // , inftead of 4I" 44' 22". 



The deductions from the tranfit of Mercury, and the folar eclipfe of 1778, were 
not made, when the above letter was written. 

I fuppofed it proper to add this note, to Shew the reafon'ofthe difference between 
'the refult in this paper, and that in the letter publifhed inthePhilofophjcaJTrar^kctioni.. 
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I have been particular, in this appendix, in putting down 
the deductions from the obfervations which I have made ufe of, 
in fettling the longitude of Cambridge from Greenwich, that 
any perfons, who may meet with this paper, and are able to go 
thro' this kind of calculation, may fee what ftrefs is to be laid 
upon the determinations. If the deductions are right, the near 
agreement between the three refults is a ftrong evidence of the 
goodnefs of the obfervations, and the dependence that may be 
made upon the mean refult, for the difference of meridians be- 
tween Greenwich and Cambridge ; which, perhaps, is now 
afcertained to as great exattnefs as the difference between almoft 
any two places, where terreftrial meafurement has not been 
made ufe of. 

J.-W. 






